lished results). Briefly, a heterozygote was grown in 50 pg/mI of hygromycin for 10 passages, and LPG+ cells were removed by agglutination with monoclonal antibody CA7AE. Several clonal lines containing homozygous HYG/HYG replacements were recovered (termed fpg2-knockouts). 20. In vitro LPG synthesis was assayed with uridine diphosphate-Gal, guanosine diphosphate-1 4C-Iabeled Man, and Leishmania microsomal membranes as described (6). In the presence of 0.1% Triton X-1 00,1580 + 220 cpm was incorporated with the wild type and 950 + 350 cpm with C3P0 (65% Chem. 259, 3883 (1984). 22. J. K. Lovelace and M. Gottlieb, Mol. Biochem. Parasitol. 22, 19 (1987 The medium chains (Ku and p2) of two clathrin-associated protein complexes (AP-1 and AP-2, respectively) specifically interacted with tyrosine-based signals of several integral membrane proteins. The interaction was confirmed by in vitro binding assays. Thus, it is likely that the medium chains serve as signal-binding components of the clathrin-dependent sorting machinery.
Geisterfer-Lowrance, J. G. Seidman, Mol. Cell. Biol. 12, 2391 Biol. 12, (1992 . 34. Abbreviations for the amino acid residues are as follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, lie; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gin; R, Arg; S, Ser; T (2) . However, the exact identity of the signal-binding proteins and the molecular details of the recognition event remain to be established. We decided to search for proteins that interact with tyrosine-based sorting signals, using a yeast two-hybrid approach (3). As a "bait" in the two-hybrid system, we used a triple repeat of the tyrosine-containing sequence SDYQRL (4, 5) from the cytoplasmic tail of the integral membrane protein TGN38 (6). This sequence has the characteristics of a YXXQ motif and mediates both internalization from the cell surface and localization to the TGN (7). Screening of a mouse spleen complementary DNA (cDNA) library (-2.5 X 106 clones) resulted in the isolation of two clones that interacted specifically with the (SDYQRL)3 bait sequence (8). The two clones (termed 3M2 and 3M9) corresponded to the medium chain (R2) of the plasma membrane, clathrin-associated protein complex AP-2 (9). In addition to 112, the AP-2 complex contains two large chains (ox-and P-adaptin) and one small chain (u2) (10).
Using growth on histidine-deficient (-His) plates as an assay (1 1), we found that proteins encoded by both 3M2 and 3M9
interacted not only with the (SDYQRL)3
repeat but also with a single SDYQRL sequence and with the full-length TGN38 cytoplasmic tail (Fig. 1A) . Mutation of the tyrosine (Y) residues in all three contexts abolished interaction with the [2 clones (Fig. lA) . The binding specificity of p, was further characterized by mutation of each residue of the SDYQRL sequence individually to alanine. Only the Y and L residues were absolutely required for interaction with 3M9, whereas mutation of the S, D, and Q residues had no detectable effect, and mutation of the R residue decreased but did not completely abolish the ability to grow on -His plates (Fig. 1 B) . Thus, 112 was capable of interacting with the sequence SDYQRL in various contexts and under sequence requirements that were consistent with those defined in studies in vivo (7).
To corroborate the results obtained with the two-hybrid system, we tested whether in vitr(-translated, 35S-methionine-labeled R2 was capable of interacting with various sequences appended to glutathione-S-transferase (GST) (Fig. 2) . We observed that both the 3M2 and 3M9 forms of R2 bound to GST-(SDYQRL)3 but not to GST-(SDGQRL) or to GST ( Fig. 2A) . In vitrotranslated luciferase, used as a negative control, did not interact with any of the GST fusion proteins tested ( Fig. 2A) . Binding of dent and occurred at micromolar concentrations of peptide (Fig. 2C) (12) , to the different GST fusion proteins described above. Immunoblot analyses showed that AP-2 complexes indeed bound to GST-(SDYQRL)3 but not to GST-(SDGQRL)3 or to GST (Fig. 3A) . Analyses by surface plasmon resonance (SPR), a spectroscopic technique used to study proteinprotein interactions (13) , confirmed a tyrosine-dependent association of GST-(SDYQRL)3 with purified AP-2 (Fig. 3B) .
Further analyses using the two-hybrid system showed that the triple repeat (SDYQRL)3 was also capable of interacting with mouse p,1 (14) , the medium chain of the TGN-localized, clathrin-associated protein complex AP-1 (10) (Fig. IC) The results presented here demonstrate 1873 K2 to GST-(SDYQRL)3 was inhibited by C(SDYQRL)3 peptide but not by C(S-DAQRL)3 (Fig. 2B ) or by C(DKQTLL)3 peptide (Fig. 2C) of tyrosine residues in the bait sequence (Fig. 1A) . The other six clones interacted with the bait sequence even when the critical tyrosine residues were mutated to glycine residues. These interactions were thus deemed unrelated to the recognition of tyrosine-based signals, and the clones were not further characterized. 9. C. Thurieau et al., DNA 7, 663 (1988 
